SUDZINA, M., MELICH, M., KNAZOVICKA, V, FELSOCIOVA, S., KOCIUBINSKI, G., ANDREJI, J., PAVLICOVÂ, S., KRACmAR, S.: Physicochemical characterization of natural honeys from different regions in Slovakia. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 2, pp. 125-134 This study is intended to determine the physicochemical characteristics of Slovakian honeys, and compare them with specifications described in the Codex Alimentarius Standard, the European Ho ney directive, the Slovak Codex Alimentarius and Slovak standard No. 1/2006. In addition, we tried to find out correlations between individual constituents of honeys. Physicochemical characterization was carried out following the harmonized methods dictated by the International Honey Commis sion IHC. Honey samples (n=50) were collected from three honey types (blossom, blends, honeydew), and from the three main Slovakian geographical regions (named 'east', 'middle' and 'west'). The phy sicochemical evaluation included moisture, reduced sugars, proline, hydroxymethylfurfural (HMF), conductivity, diastase and invertase activity, pH and water activity, following the techniques proposed by the European Honey Commission (EHC). The moisture content in the honey varied from 15.26 to 17.65 %, HMF levels ranged from 21.83 to 63.00 mg. kg ', the diastase activity varied from 21.01 DN to 36.67, invertase activity varied from 121.73 to 164.llU.kg1, the proline content varied from 426.56 to 531.79mg.kg-1, the fructose content values were found from 36.33 to 40.20g. 100g 1, the glucose content values ranged from 27.67 to 31.00g.100g1, the values of saccharose content were from 0.15 to 0.37g. lOOg ', the conductivity varied from 29.48 to 97.24 mS.cm ', the pH value varied from 4.06 to 4.80 and the water activity content varied from 0.55 to 0.57. Significant differences (P < 0.05) were found between HMF and fructose, glucose and saccharose and conductivity and pH, significant dif ferences (P < 0.01) between fructose and glucose and significant differences (P < 0.001) were found between HMF and conductivity. Between blossom honey and honeydew honey were found statisti cal significant differences in HMF (P < 0.05) and conductivity between honeydew honey and blossom honey (P < 0.001). Among regions were determined statistical differences between HMF and invertase (P < 0.05) and conductivity (P < 0.01).
The honey's chemical composition mainly de pends on the vegetation sources from which it de rives, climate, harvesting conditions and storage (KaCaniova et al., 2007a) . It is well established that honey inhibits a broad spectrum of bacterial species and there are many reports of its bactericidal as well as its bacteriostatic activity (KaCaniova et al., 2008) . Therefore, microbiological quality of honeys and hive environment are great Knazovicka et al., 2008c) . The water content (moisture) is an important quality parameter for establishing honey shelf life, but not for the characterization of floral origin. However, de pending on the season and the climate, even uniflo ral honeys might show differences in water content, affecting their physical (i. e. viscosity and crystalli zation) and sweetener properties (glucose/water ra tio) (Persano-Oddo and Piro, 2004; Kacaniova et al, 2007b) . Virtually absent in newly produced honey, hydroxymethylfurfural (HMF) is abyproduct of fruc tose decay, formed during storage or during heating. 126 M. Sudzina, M. Melich, V. Khazovickd, S. Felsociovd, G. Kociubinski, J. Andreji, S. Pavlicovd, S. Krdcmar Thus, its presence is considered the as main indica tor of honey deterioration (Kreil, 1996) . Fresh honey does not contain HMF, but this component can be present in honey as a result of chemical changes, providing an indication of the storage and process ing (heating) of honeys. Therefore, HMF content is usually determined before any other parameters to assess the storage condidons/time, i. e. enzymatic activities and colour. Measuring of conductivity is an indirect way of measuring the mineral content of a honey (Knazovicka et al., 2008a,b) . As sugars in solution (the main component of honey) are poor conductors, any minerals present in the honey aid the ability of honey to conduct electricity. For honey, this is expressed as mS.cm taken in a solution of honey and distilled water (at 20 °C) where the dry mater of the honey makes up 20% of the weight of the solution. Typically flower honeys are less than 1.5 mS. cn while honeydew honeys are greater than 8.5 mS.cm There are of course some exceptions to this and this feature is an aid in the identification of these honey types. Also blends of honeydew honeys and flower honeys will give an intermediate value (Bogdanov and Martin, 2002) . The measurement of electrical conductivity (EC, 2002) is currently con sidered one of the most useful quality parameter for the classification of unifloral honeys, which can be determined by relatively inexpensive instrumenta tion. Based on an extensive survey of honeys from different parts of the world (EC 2002; Bogdanov 2002) , EC was recently included in the new interna tional standards for honey (EC, 2002; FAO, 2001) , re placing the traditional ash determination. Honey is a typically acid product with pH ranging from 3.5 to 5.5, due to the presence of organic acids that contrib ute to honey flavour and stability against microbial spoilage. Gluconic acid is the main organic found in honeys, which is found with gluconolactone at dif ferent relationships. Free and total acidity, and pH, might discriminate unifloral honeys (Persano-Oddo and Piro, 2004) . Proline is a free-aminoacid found of honey, added by the bees during its production. Proline content, which is used as a ripeness criterion for honeys (Von der Ohe et al., 1991) is characteristic from different unifloral honeys (Persano-Oddo and Piro, 2004) , roughly correlated with the enzyme ac tivity. The proline content among different uniflo ral honeys might be relatively high, and therefore is not possible to classify unifloral honey on the basis of proline content alone (Sanchez et al., 2001; Per sano-Oddo and Piro, 2004) . Honey contains small amounts of different enzymes, the most important of which are diastase (alpha-amylase), invertase (alpha-glucosidase), glucose oxidase, catalase and acid phosphatase. In particular, diastase splits starch chains into dextrins and maltose; invertase is the en zyme responsible for converting saccharose to fruc tose and glucose which are the main sugars in honey. Enzymes as honey components have been the ob ject of much research over the years: the primary interest was as a possible means of distinguishing between natural and artificial honeys, but diastase and invertase are also used as a measure of honey freshness, because their activity decreases in old or heated honeys (Dustmann et al., 1985; Sancho et al., 1992) . The origin of invertase and diastase in honey is commonly attributed to the bee (Rinaudo et al, 1973a,b) . The nectar collected is mixed with secre tions from the salivary and hypopharyngeal glands of foraging bees; then, in the hive, when the nec tar is passed from bee to bee before being stored in the cells, more secretions are added, enabling nectar to ripen into honey. This processand consequently the amount of added enzymesdepends on various factors such as age, diet and physiological stage of the bees, strength of the colony, temperature, abun dance of nectar flow, etc. (Browers, 1983; Huang and Ohs, 1989) . Standards for honeys are set internatio nally by the European Honey Directive and the Co dex Alimentarius (Table I) (FAO, 2001) .
The aim of this work was to do a broad evalua tion of the physicochemical quality of Slovakian ho-I: Physicochemical characteristics ofhoney and limits given by the legislation of the Slovak Codex Alimentarius and Slovak re public (SR) 
MATERIALS AND METHODS

Honey sampling
50 honey samples were collected. These samples were mostly obtained from non-professional bee keepers, 16 from the blossom (sample 1-16), 17 from the blends (sample 17-33) and 17 from the honey dew types (sample 34-50). The East (17; sample 1-5, 17-22, 34-39), West (16; sample 6-10, [23] [24] [25] [26] [27] [28] [40] [41] [42] [43] [44] and Middle (17; sample 11-16; 29-33, 45-50) Slova kian regions were equally represented in the groups. Samples were collected from separate hives within one month after extraction during July 2007 to Au gust 2007. All the samples were stored between 0°C and 4 °C. The physicochemical properries were de termined according to methods in agreement with theEU (Kreil, 1996) .
Physico-chemical analyses
Fifty honey samples from different Slovakian re gions were analyzed at their moisture content (%), HMF (mg.kg '), proline (mg.kg '), reducing sugars as fructose (gJOOg-1), glucose (g.lOOg-1), saccharose (g.lOOg -1), conductivity (rrS.cn ), invertase activity (U.kg '), diastase activity (Diastase number), pH and water activity analysis. Pollen analysis was not under the scope of this study The methods used for analy sis were based on those of the Association of the Of ficial Analytical Chemists (AOAC, 1990) or those of the Harmonised Methods of the European Honey Commission and International Honey Commis sion (Bogdanov et al., 1997a,b) . Moisture was deter mined by use a honey automatic digital refractome ter DR500 (Nguyen An h Co, Ho Chi Minh City, Viet Nam). pH measurements were performed potenriometricaly at 20°C with use of pH-meter Gryf 209L (Gryf HP, Prague, Czech Republic). Hydroxymeth ylfurfural (HMF) content was based on UV adsorbance at 550nm (Spekol 1100, Analytic Jena -ZEISS Technology, Jena, Germany). Apparent reducing su gars (fructose, saccharose, glucose) were performed by HPLC method with spectrophotometer Spekol 1100. The enzyme activity is evaluated photomet rically (Spekol 1100), by measuring the decompo sition of the substrate p-nitrophenyl-a-D glucopytanoside into the product p-nitrophenol (which has a maximum absorbance at 400 nm). Electrical con ductivitywas measured at 20°C in solutions of honey samples in deionized water with conductivity meter CDM 210 (Radiometer Analytical SAS, Lyon, France). Proline content was quantified with use of spectrophotometric method and absorbance deter mined at 510 nm (Spekol 1100). Water activity was determined by use of a water activity system Lab-Master-aw (Novasina, Pfaffikon, Switzerland).
Statistical analyses
For statistical analysis, the Anova One-Way test, Kruskal-Wallis test, and Linear Model of Regres sion Analysis were performed with the computer program Statgraphics Plus version 5.1 (AV Trading, UMEX, Dresden, Germany).
RESULTS AND DISCUSSION
Value limits, as defined internationally by the Eu ropean Honey Directive and the Codex Alimenta rius, for honey of declared origin from regions, are amounts of not more than 50 milliequivalents of free acidity, 20% moisture, 0.6g. lOOg for general honey ash and 40mg.kg 1 for HMF. In addition, values of not less than 8 U.kg 1 for invertase activity and 8 DN (diastase number) for diastase activity, 60g.l00g 1 for reducing sugars and 180mg.kg 1 for proline levels are prescribed. Some of these limits differ for honey dew honey, not less than 45g. lOOg of honey for re ducing sugars and not more than 1 g.lOOg 1 for ash content (FAO, 2001; Bogdanov and Martin, 2002; EC, 2002) .
Honey moisture content is used as an indicator of ageing and capacity to keep stable during storage (Bogdanov et al., 1997a) . The moisture content var ied from 15.26% in the honeydew honey from west region to 17.65 % in the honeydew honey from Slo vakian west region (Table II) . Moisture content is practically constant among Slovakian honeys, inde pendently on region or kind of honey. When con sidering the Slovak Codex Alimentarius and (Slovak Codex Alimentarius, 2001) Slovak standard 1/2006 legislation (Statute of Slovakbeekeeperunion, 2006): 3 blossom, 2 blends and 3 honeydew honeys from the east Slovakia were outside of the legislation li mits. Similarly, 3 blossom and 1 blend from the mid dle of Slovakia, and 2 blossom and 2 blends honeys from the west of Slovakia were out of standards.
Similarly results were found in the blossom honey (15.9 ± 1.2 %), blends honey (15.9 ± 1.2 %) and honey dew honey (15.6 ± 1.7%) in the Czech Republic (Celechovska and Vorlova, 2001). The moisture content in Slovak honey varied from 16.00 to 19.80% (Kacaniova et al., 2009) . The moisture content of the Ke nyan honey samples ranged from 15.60-21.20% (Muli et al., 2007) . Significant differences (P < 0.05) were found in the moisture content between flower ing periods, but not between production processes in the honey from Mexico (Ordonez et al., 2005) . The moisture content of South Africa honey varied from (15.0 ± 0.1%) to (25.1 ± 0.1%) and sixty honey samples exceeded the permitted limit of 20% (FAO, 2001) and can be mainly explained by the premature extraction of these honeys (Meda et al., 2005) .
The methods for the determination of diastase and invertase activity were described (Bogdanov, 1997) . Later, another formula was found for the diastase determination with the Phadebas method in honeys with low enzyme content (Persano-Oddo etal., 1999) . For the expression of invertase results, international M. Sudzina,M.Melich,V.Knazovickd, S.Felsöciovd, G.Kociubinski, J.Andreji, S. Pavlicovd, Ohe et al., 1999) . The most commonly monitored parameters for de termining honey freshness include HMF levels and diastase and invertase activity (Persano-Oddo et al., 1999; Bogdanov and Martin, 2002) . According to our findings, HMF levels ranged from 21.83 mg. kg in the blends honey from east and honeydew honey from middle to 63.00mg.kg 1 in the blossom honey from west Slovakian region (Table II) . The honeys from middle Slovakian region showed the lowest variation among regions at HMF. The diastase acti vity varied from 21.01 DN in the blossom honey from east and west region to 36.67 in the honeydew honey from west Slovakian region (Table II) and the in vertase activity varied from 121.73 U.kg in the blos som honey from east region to 164.1 I U.kg in the honeydew honey from middle Slovakian region (Table II) . Values from west of Slovakia at invertase activity were very similar (143.63-149.79 U. kg ').
The different results of HMF were found by Celechovska and Vorlova (2001) in the Czech honey samples (blossom 17.7 ± 20.6 mg. kg ', blends 20.4 ± 17.5 mg.kg 1 and honeydew 30.1 ± 37.5mg.kg'1). The results of diastase analysis in Italian honey samples varied in the different honey types ranged mostly form 0 to 35 DN. The honeydew honeys showed the highest values (20-50 DN) similarly to our results. The results of invertase determinations in Italian honey samples variedin the different honey types from less than 5 to more than 200U.kg '. Two honeydew honeys had the highest values (more than 130 U.kg ') and multifloral samples ranged from 50 to 200U.kg 1 (Persano-Oddo etal., 1999) .
Concerning invertase activity, honeydew honeys did not greatly differ from the compound ones. At the same time, the diastase activity was determined at all honeys as well as the ratio of both enzymes. In the invertase/diastase ratio, statistically significantly different (P < 0.05) were only compound honeys (0.59 ± 0.18) from the type of honeydew honeys (0.82 + 0.27) (Vorlova and Pfidal, 2002) . 27 samples (54%) of the honey were well inside the current Slovak standard (Slovak Codex Alimen tarius, 2001). The multifloral honey sample with 6.5 DN could be qualified as a honey with low natural enzyme content (FAO, 2001) . All the honey samples were in accordance to the limits for invertase and di astase activity.
The proline content varied from 426.56 mg. kg in the honeydew honey in the west region to 5 31.79 mg. kg 1 i n the blossom honey from the middle Slovakian region (Table II) . West region was the most constant in the proline content of honey.
Some of the authors have reported that high val ues for proline are typical for honeydew honeys (Per sano-Oddo etal., 1999) . In our study, the proline con tent of 2 honeydew honey samples were from 354.37 to 662.58 mg. kg but were not the highest values found. However, these values were higher than those of some groups of Moroccan honeydew honeys, which reportedly varied from 69 to 556 mg. kg (Diez etal., 2004) . Authors such as Bogdanov (2002) believe that the majority of the proline comes from bee sali vary secretions. Proline content has been shown to vary considerably between different honeys.
In sugar adulterated honeys the same chemical parameters such as enzyme activities, HMF con tent, ash content, electrical conductivity and proline content are decreased. These changes might in dicate possible adulteration, if the normal variation of these parameters in different honeys is taken into account when interpreting the test for adulteration. Indeed, proline was suggested as a quality criterium for the honey with the respect to sugar adulteration. It was proposed that natural honeys should have proline content of more than IBOmg.kg A lower proline content could mean that the honey has been adulterated with sugar. However, this value can be higher for certain honeys, as the proline content de pends on the honey type. Also, it should be taken into account that some of these parameters as HMF and enzyme activity will change on heating and sto rage. Certain types of honeys such as citrus, acacia, rhododendron, honeydew and others have a higher natural content of the sugar (Bogdanov etal., 2003) .
The fructose content values were found from 36.33g. lOOg in the honeydew honey from the east region to 40.20g. lOOg in the blends honey from the middle Slovakian region (Table II) , the glu cose content values ranged from 27.67g.l00g in the blends honey from the east region to 31.00 g. I OOg in the blossom honey from the east re gion and honeydew honey from the west Slovakian region (Table II) . The values of saccharose content were from 0.15 g. I OOg in the blossom honey of East Slovakian region to 0.37g.l00g 1 of honey (Table II) in the blossom honey of West Slovakian region. Re gion did not show big influence on sugars content.
The values of glucose, fructose and saccharose were not within the limits listed in the Slovak stan dard (Slovak Codex Alimentarius, 2001) and Co dex Alimentarius (FAO, 2001) . These values, how ever, seemed to be higher than those for commercial honey from Australia, China, Egypt, Germany, Mo rocco, Pakistan, Qatar, USA, Italy and Yemen (Al-Jedah etal., 2003) .
Careless handling of honey can reduce its quality. Among the factors that most influence quality arehigh temperatures, lenght of storage and moisture content, greater than 21%. They lead to fermenta tion, high levels of hydroxymethylfurfural (Sancho etal., 1992) loss of enzymatic activity, changes in fla vour, darkening (Ordonez etal., 2005) and microbial growth (Schocken-Iturrino etal., 1999) .
The method for the determination of electrical conductivity is described in Bogdanov etal. (1997a,b) . According to Codex Alimentarius honeys values (FAO, 2001) are expressed in mS.cm at 20 °C, while nowadays the international reference measurements should be carried out at 25 °C. This contradiction needs to be resolved.
The conductivity varied from 29.48 mS.cm in the blossom honey from the east region to 130 M. Sudzina, M. Melich, V. Knazovickd, S. Felsociovd, G. Kociubinski, J. Andreji, S. Pavlicovd, S. Krdcmar 97.24 mS.cm 1 in the honeydew honey from the west Slovakian region (Table II) . According to Slovak stan dards (Slovak Codex Alimentarius, 2001) and Codex Alimentarius (FAO, 2001 ) maximal values for blos som honeys (except of chestnut honey) are intro duced for differentiation between honeydew and blossom honeys (Bogdanov etal, 2004) .
The methods for the determination of free acidity by lil ralion to pH 8.3 or to an equivalence point have a poor reproducibility (Bogdanov et al., 1997a; Bog danov etal., 1997b) , due to lactone hydrolysis during titration. The reproducibility of the measurement of total activity (free acidity + lactones) is slightly better.
The pH value varied from 4.06 in the blossom honey to 4.80 in the honeydew honey (Table II) .
Published reports indicate that pH should be be tween 3.2 and 4.5 (Meda et al., 2005) . The mean va lues, however, only indicated that some of the honey samples were outside of this range (4.68; 4.80) Some of the honeys, such as chestnut and fir honey have been shown to have high pH values viz. 5-6 and 4.6-5.9, respectively (Meda etal., 2005) .
The water activity content varied from 0.55 in the blossom and blend honey to 0.57 in the honey dew and blossom honey (Table II) . Values of water ac tivity were stable among types of honey and regions too. The water activity of honey depends mainly on the glucose content. During crystallisation, glucose starts to crystallise first. Fructose has a higher so lubility and stays in solution for a longer time. All the five hydroxyl groups of glucose interact with wa ter molecules. The difference between the water ac tivities of the different honey types is the result of its diverse sugar compositions. Values of water activity between 0.53 and 0.63 are absolutely safe for other foods as concerns the risk of microbiological spoi lage (Gleiter and Hom, 2006) .
Statistical analysis was done to determine differen ces in quality between honeys from the three honey types. In total statistical results showed, that signifi cant differences (P < 0.05) were found between HMF and fructose, glucose and saccharose and conduc tivity and pH. Significant differences (P < 0.01) were found between fructose and glucose and significant differences (P < 0.001) were found between HMF and conductivity. No significant differences (P > 0.05) were found between anothers parameters (Ta ble III). Significant differences (P < 0.05) by the types of honey were found between HMF and significant differences (P < 0.001) were found between conduc tivity (Table IV ). Significant differences (P < 0.05) by the regions of honey were found between HMF and invertase and significant differences (P < 0.01) were found between conductivity (Table V) .
A significant positive correlation was detected be tween moisture-HMF (P < 0.05) in Slovak honey samples. No significant correlations were detected between moisture and other physicochemical in dicators. A significant positive correlation was de tected between HMF-moisture (P < 0.05) in Slovak honey samples. No significant correlations were de tected between HMF and other physicochemical in dicators (Kacaniova etal, 2009) .
Honey produced in the Slovakia, has physico chemical properties that are desirable in the interna tional market. Region of Slovakia did not show big influence on the honey composition. Harvesting, bottling and storing of the honey have a very little input of technology. Apiculture in Slovakia needs to be focused on increasing of production as much as preserving quality through proper handling. There fore, a study was carried out to evaluate the physico chemical quality of honey from Apis mellifera during one production cycle including three honey types and the regions in the production process. ***P < 0.001; **P < 0.01; *P < 0.05, P > 0.05 pohyboval od 15,26 do 17,65%, obsahHMF sapohyboval od 21,83 do 63,00mg.kg-1, aklivila diastazy bola od 21,01 do 36,67 DN, aklivila invertazy sapohybovala od 121,73 do 164,llU.kg-1, obsah prolinu sa pohyboval od 426,56 do 531,79 mg.kg-1, obsah fruktozy bol od 6,3 3 do 40,20 g. lOOg_1, obsah glukozy sa pohyboval od T1,67 do 31,00g.l00g_1, obsah sacharozybol od0,15 do 0,37g.l00g_1, konduktivita sapohybovala od 29,48 do 97,24mS.cm , pH sa pohybovalo od 4,06 do 4,80 a hodnota vodnej aktivity sa pohybovala v rozmedzi od 0,55 do 0,57. Preukazne rozdiely (P < 0,05) boli zistene medzi HMF a fruktozou, glukozou a sacharozou, konduktivitou a pH; vysoko preukazne rozdiely (P < 0,01) medzi fruktozou a glukozou a vysoko preukazane rozdiely (P < 0,001) medzi HMF a konduktivitou. Medzi kvetovymi a medovicovymi medmi boli zistene s I al i s I i c ko vyznamne rozdiely u HMF (P < 0,05) a u konduktivity medzi medovicovymy a kvetovymi medmi (P < 0,001). Medzi regionmi boli zistene statisticko vyznamne rozdiely medzi HMF a invertazou (P < 0,05) a konduktivitou (P < 0,01).
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